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(54) Electro-acoustic transducer and electronic device 



(57) A first magnet is provided in an upper case and 
a second magnet is provided in a lower case so that 
these magnets face each other. These magnets are 
magnetized in opposite directions. A diaphragm having 
a drive coil is placed between these magnets. Thus, 
magnetic flux emitted from the respective magnets 
bends in a direction approximately perpendicular to the 



initial direction of emission of the flux. In the magnetic 
field, the component of the magnetic flux in the direction 
of radiation proportional to the driving force is dominant, 
and is symmetrical relative to the direction of vibration. 
Therefore, the sound pressure of the reproduced sound 
is increased and the secondary harmonic distortion 
caused by asymmetry of the driving force can be re- 
duced. 



FIG. 2 A 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0001] The present invention relates to an electro- 
acoustic transducer which is mounted to, for example, 
a cellular phone or a pager, and which is utilized for re- 
production of alarm sounds, melody sounds and speech 
sounds at the time of reception of a call, and also relates 
to an electronic device such as a cellular phone, a PDA 
(personal digital assistant), a TV, a personal computer, 
a car navigation system and the like, wherein such an 
electro-acoustic transducer is built in. 

2. Description of the Related Art 

[0002] Reduction in the thickness and reduction in the 
amount of power consumed of electronic device, as rep- 
resented by cellular phones, PDAs and the like, has 
been progressing and further reduction in thickness as 
well as further enhancement in efficiency in electro- 
acoustic transducers mounted to such electronic device 
are likewise desirable. Hence, an electro-acoustic trans- 
ducer, as shown in Fig. 1 , has been invented in order to 
achieve reduction in thickness and enhancement in ef- 
ficiency (Japanese Unexamined Patent Publication No. 
H8(1996)-140185). 

[0003] In this electro-acoustic transducer a casing 20 
is formed of a cylindrical cover 1 , of which one end is 
opened, and of a cylindrical frame 2, of which one end 
is also opened, that are connected to each other. A plu- 
rality of small holes 11 are provided in a circular form in 
the cover 1 for the release of sound. A magnet 3 is se- 
cured in a coaxial manner with the cover 1 inside of the 
cover 1 . 

[0004] A diaphragm 4 in a disk form is placed inside 
of the casing 20 so as to have a gap G between the 
diaphragm 4 and the lower surface of the magnet 3, 
wherein the outer periphery portion of the diaphragm 4 
is placed and secured between the cover 1 and the 
frame 2. A drive coil 5 is secured on the lower surface 
of the diaphragm 4 so as to be coaxial with the magnet 

3. An electrode 6 that allows a current to flow through 
the drive coil 5 is secured at the bottom surface of the 
frame 2. A lead wire (not shown) from the drive coil 5 is 
connected to an edge portion of the electrode 6. 
[0005] In such an electro -acoustic transducer mag- 
netic flux is emitted from the magnet 3 in a direction ap- 
proximately perpendicular to the surface of the magnet 
from the center portion of the magnet so as to penetrate 
the drive coil 5. On the other hand, the magnetic flux 
spreads from the surface of the periphery portion of the 
magnet in a radial form so as to diagonally penetrate the 
drive coil 5. When a current flows through the drive coil 
5 in such a magnetic field, a driving force generates so 
as to be applied to the drive coil 5 in the direction per- 



pendicular to the diaphragm 4 so that the diaphragm vi- 
brates upwardly and downwardly resulting in the gener- 
ation of sound. In the case of this electro-acoustic trans- 
ducer a yoke or a center pole become unnecessary due 
5 to the direct emission of magnetic flux from the magnet, 
thereby the thickness of the transducer can be reduced. 
In addition, because the winding width of the drive coil 
5 can be freely determined, the impedance value can 
be controlled and, as a result, the amount of power con- 
sumption can reduce due to high impedance. 
[0006] The driving force generating in the drive coil 5, 
however, is proportional to the magnetic flux perpendic- 
ular to the direction of the current flowing through the 
drive coil 5 and perpendicular to the direction of vibration 
of the diaphragm 4. Since the magnetic flux parallel to 
the direction of vibration, rather than the magnetic flux 
perpendicular to the direction of vibration, is dominant 
in the conventional electro-acoustic transducer. There- 
by a sufficient driving force is low and sound pressure 
of reproduced sound becomes low. 
[0007] In addition, the magnetic flux emitted from the 
magnet decreases in proportion to the distance from the 
magnet. That is, the driving force generating in the drive 
coil differs between the case where the diaphragm vi- 
brates from the neutral position to the upward direction, 
that is. in the direction going away from the magnet, and 
the case where the diaphragm vibrates from the neutral 
position to the downward direction, that is, in the direc- 
tion approaching the magnet. There is a problem that 
this asymmetry causes distortion to the driving force so 
that the reproduced sou nd d eteriorates. 
[0008] In addition, in the case of a general electrody- 
namic type electro-acoustic transducer, a drive coil is 
inserted into a magnetic gap in a magnetic circuit formed 
of a magnet, a yoke and a center pole. Therefore, in the 
case that a drive coil having an unequal form, such as 
an elliptical or a rectangular form, in comparison with a 
circular form is inserted into a magnetic gap, the drive 
coil easily makes contact with the magnetic gap when 
vibrating. That may cause, in some cases, abnormal 
sound. Widening of the magnetic gap in order to avoid 
this phenomenon leads to a reduction in the sound pres- 
sure of the reproduced sound. Therefore, there is a lim- 
itation to the aspect ratio when the form of such an elec- 
trodynamic type electro-acoustic transducer is made el- 
liptical or rectangular. 

SUMMARY OF THE INVENTION 

[0009] An object of the present invention is to realize 
an electro-acoustic transducer that a driving force gen- 
erating in a drive coil is increased and is made symmet- 
ric relative to the direction of vibration so that the sound 
pressure of the reproduced sound is increased and so 
that sound can be reproduced with a low distortion, and 
electronic device using such an electro-acoustic trans- 
ducer. 

[0010] An electro-acoustic transducer of the present 
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invention includes a diaphragm, a housing which sup- 
ports the diaphragm, a first and second magnets which 
are placed so as to face each other and to face each 
surface of the diaphragm so that the diaphragm is 
placed between the magnets, and which are magnet- 5 
ized in opposite directions to each other parallel to the 
direction of vibration of the diaphragm, and a drive coil 
which is provided on the diaphragm, wherein the drive 
coil is provided with so as to include lines connecting 
the outer peripheries of the first and second magnets. io 
[0011] In addition, an electro-acoustic transducer ac- 
cording to the present invention includes a diaphragm, 
a housing which supports the diaphragm, a first and sec- 
ond magnets which are placed so as to face each other 
and to face each surface of the diaphragm so that the *5 
diaphragm is placed between the magnets, and which 
are magnetized in the radial direction having a center 
axis passing through the centerof the diaphragm as the 
center and a drive coil which is provided on the dia- 
phragm. 20 
[0012] An electronic device of the present invention is 
electronic device provided with either of these electro- 
acoustic transducers. 



BRIEF DESCRIPTION OF THE DRAWINGS 



[0013] 



25 



Fig. 1 is a cross sectional view of an electro-acous- 
tic transducer according to a prior art; 30 
Fig. 2A is a cross sectional view of an electro- 
acoustic transducer according to Embodiment 1 of 
the present invention; 

Fig. 2B is a plan view of first and second magnets 
according to Embodiment 1; 35 
Fig. 2C is a plan view of a drive coil according to 
Embodiment 1 ; 

Fig. 3 is an assembly configuration view of an elec- 
tro-acoustic transducer of Embodiment 1 ; 
Fig. 4 illustrates magnetic flux vectors generating *o 
due to first and second magnets according to Em- 
bodiment 1 ; 

Fig. 5 is a graph showing the relationship between 
the distance in the radius direction from the center 
axis and the magnetic flux density according to Em- 45 
bodiment 1 ; 

Fig. 6 is a graph showing the relationship between 
the distance in the direction of vibration from the gap 
center and the magnetic flux density according to 
Embodiment 1 ; so 
Fig. 7 illustrates examples of edges of Embodiment 
1; 

Fig. 8 is a cross sectional view of an electro-acous- 
tic transducer according to Embodiment 2 of the 
present invention; 55 
Fig. 9 illustrates magnetic flux vectors generating 
due to first and second magnets according to Em- 
bodiment 2; 



Fig. 1 0 is a graph showing the relationship between 
the distance in the radius direction from the center 
axis and the magnetic flux density according to Em- 
bodiment 2; 

Fig. 1 1 is a cross sectional view of an electro-acous- 
tic transducer according to Embodiment 3 of the 
present invention; 

Fig. 12 is a perspective view of the electro-acoustic 
transducer according to Embodiment 3; 
Fig. 13A is a schematic view (1) showing the rela- 
tionship between a magnet and a yoke according 
to Embodiment 3; 

Fig. 13B is a schematic view (2) showing the rela- 
tionship between the magnet and the yoke accord- 
ing to Embodiment 3; 

Fig. 13C is a schematic view (3) showing the rela- 
tionship between the magnet and the yoke accord- 
ing to Embodiment 3; 

Fig. 1 3D is a schematic view (4) showing the rela- 
tionship between the magnet and the yoke accord- 
ing to Embodiment 3; 

Fig. 13E is a schematic view (5) showing the rela- 
tionship between the magnet and the yoke accord- 
ing to Embodiment 3; 

Fig. 14A is a plan view of a diaphragm and a drive 
coil according to Embodiment 4 of the present in- 
vention; 

Fig. 1 4B is a cross sectional view of the diaphragm 
and the drive coil according to Embodiment 4; 
Fig. 1 4C is a partially enlarged cross sectional view 
of the diaphragm and the drive coil according to Em- 
bodiment 4; 

Fig. 15A is a side view of a diaphragm and a drive 
coil according to another example of Embodiment 

4; 

Fig. 15B is a partially enlarged cross sectional view 
of the diaphragm and the drive coil according to an- 
other example of Embodiment 4; 
Fig. 1 6A is a perspective view of an electro-acoustic 
transducer according to Embodiment 5 of the 
present invention; 

Fig. 16B is a cross sectional view of the electro- 
acoustic transducer according to Embodiment 5; 
Fig. 1 7 A is a plan view of first and second magnets 
according to Embodiment 5: 
Fig. 17B is a plan view of a drive coil according to 
Embodiment 5; 

Fig. 1 7C is a plan view of a diaphragm according to 
Embodiment 5; 

Fig. 1 8A is a front view of a cellular phone according 
to Embodiment 6 of the present invention; 
Fig. 1 8B is a side view of the cellular phone accord- 
ing to Embodiment 6; and 

Fig. 1 9 is a block diagram showing a schematic con- 
figuration of the cellular phone according to Embod- 
iment 6. 
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DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

(Embodiment 1) 

[001 4] An electro-acoustic transducer of Embodiment 
1 of the present invention will be described with refer- 
ence to Figs. 2 to 7. Fig. 2A is a cross sectional view of 
the electro-acoustic transducer, Fig. 2B is a plan view 
of first and second magnets, and Fig. 2C is a plan view 
of a drive coil. Fig. 3 is an assembly configuration view 
of this electro-acoustic transducer, and Fig. 4 illustrates 
magnetic flux vectors generating due to the first and sec- 
ond magnets. Fig. 5 is a graph showing the relationship 
between the distance from a center axis 1 07 in the cent- 
er portion of a gap G in the radius direction and the mag- 
netic flux density. Fig. 6 is a graph showing the relation- 
ship between the distance from the center portion of the 
gap G in the direction of vibration at the position of the 
drive coil and the magnetic flux density. 
[001 5] The electro-acoustic transducer of the present 
embodiment is formed as follows. A first magnet 101 
and a second magnet 102, respectively, are held within 
an upper case 103 and a lower case 104, as shown in 
Figs. 2 and 3. The upper case 103 and the lowercase 
104 are cylindrical members and form a housing when 
assembled. In addition, they hold a diaphragm 1 06, hav- 
ing a drive coil 105, at the center portion thereof so that 
the diaphragm 106 freely vibrates. The first and second 
magnets 101 and 102 are of cylindrical forms and are, 
for example, neodymium magnets having an energy 
product of 44 MGOe. Furthermore, they are magnetized 
in opposite directions. In a case, for example, the first 
magnet 101 is magnetized in an upward direction, that 
is, in the direction from the second magnet to the first 
magnet, and the second magnet 102 is magnetized in 
a downward direction, that is, in the direction from the 
first magnet to the second magnet. 
[001 6] The first and second magnets 1 0 1 and 1 02, are 
secured on the upper case 103 and the lower case 1 04 
respectively, so that the center axes 107 passing 
through the respective centers coincide with each other. 
The upper case 103 and the lower case 104 are made 
of a non-magnetic material, for example, a resin material 
such as PC (polycarbonate). Air holes 108 are provided 
in the upper and lower surfaces of the upper case 1 03 
and the lower case 1 04, as shown in the figures. In ad- 
dition, the drive coil 105 is attached to the diaphragm 
106 so as to be coaxial with the first and second mag- 
nets 101 and 102. The drive coil 105 is, for example, 
adhered to the diaphragm 106 using adhesive. Then, 
the periphery portion of the diaphragm 1 06 is interposed 
between and secured by the upper case 103 and the 
lower case 104 so that the drive coil 105 is positioned 
at the center between the first and second magnets 101 
and 102 in the direction of vibration. Here, the position 
in which the drive coil 1 05 is provided includes lines con- 
necting the outer peripheries of the first and second 



magnets 101 and 102. 

[001 7] The operation of the electro-acoustic transduc- 
er formed as above wilt be described in the following. In 
the case that an alternating current electrical signal is 

5 not inputted into the drive coil 105, magnetic flux as 
shown in Fig. 4 generates due to the first and second 
magnets 101 and 102. Since the first and second mag- 
nets 101 and 1 02 are magnetized in opposite directions, 
magnetic flux emitted from the respective magnets repel 

10 each other and, as a result, magnetic flux vectors are 
bent so as to be approximately perpendicular to the di- 
rection of emission and form a magnetic field consisting 
of magnetic flux perpendicular to the direction of vibra- 
tion. 

15 [0018] In such a static magnetic field the relationship 
between the direction from the center of the gap G, that 
is, from the center axis 107, in the radius direction and 
the magnetic flux density is shown, for example, as 
curve A of Fig. 5. As shown in Fig. 5, the outer periph- 

20 eries of the first and second magnets 101 and 102 co- 
incide with the peak of the magnetic flux density that the 
magnetic flux density is at a maximum in the magnetic 
flux density distribution. Accordingly, the drive coil 105 
is placed so that the approximate center of the drive coil 

25 1 05 in the radius direction is located on lines connecting 
the outer peripheries of the first and second magnets 
1 01 and 1 02 in order to obtain driving force in the most 
efficient manner. 

[001 9] Next, in the case that an alternating current sig- 

30 nal is inputted into the drive coil 105, driving force gen- 
erates proportional to the magnetic flux perpendicular 
to the direction of current flowing through the drive coil 
1 05 and perpendicular to the direction of vibration of the 
diaphragm 1 06. This driving force makes the diaphragm 

35 106, which is adhered to drive coil 105, vibrate so that 
this vibration is emitted as sound. 
[0020] As shown in Figs. 4 and 5, the magnetic flux 
vectors emitted from the first and second magnets 101 
and 1 02 are dominated by the magnetic flux perpendic- 

40 ular to the direction of current flowing through the drive 
coil 1 05 and perpendicular to the direction of vibration 
of the diaphragm 1 06. Furthermore, the drive coil 1 05 is 
placed so that the magnetic flux density becomes of the 
maximum and, therefore, a large driving force is ob- 

45 tained. As a result, the sound pressure of the repro- 
duced sound becomes high. 

[0021] Fig. 5 shows, as curve B, a component of the 
magnetic flux density in the radius direction in a conven- 
tional configuration where one magnet having the same 

so energy product and the same volume of the sum of the 
first and second magnets. As is clear from this figure, 
the conventional configuration has a low peak of mag- 
netic flux density while, in comparison, the configuration 
of the present embodiment has a sound pressure of the 

55 reproduced sound that is approximately 2 dB higher 
than that of the conventional configuration. 
[0022] Fig. 6 shows the relationship between the dis- 
tance from the center portion of the gap G in the direction 
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of vibration at the position of the drive coil and the mag- 
netic flux density when vibrating. The point shown as 
the gap center indicates the initial position that the al- 
ternating current signal is not inputted. By inputting the 
alternating current signal, the diaphragm 106 vibrates, 
starting from the initial position to the upward and down- 
ward directions, and shifts in the leftward and rightward 
directions in Fig. 6. As shown with curve C of Fig. 6, 
symmetry is obtained relative to the amplitude, with the 
gap center as a reference in the case that the first and 
second magnets 101 and 102 exist. In the conventional 
structure with one magnet, however, asymmetry is ob- 
tained relative to the amplitude, as shown with curve D. 
This asymmetry of the driving force causes deterioration 
of sound quality, as secondary distortion. That is, ac- 
cording to the present embodiment a magnetic circuit 
structure is employed using the first and second mag- 
nets 101 and 102 and, therefore, secondary distortion 
can be reduced and high sound quality is achieved. 
[0023] Here, though neodymium magnets are used 
for the first and second magnets 101 and 102 in the 
present embodiment, magnets such as those of ferrite, 
samarium cobalt or the like, can be used in accordance 
with the target sound pressure, the form or the like. 
[0024] In addition, though the form of the diaphragm 
106 is approximately flat in Fig. 2, an edge portion 110 
can be provided so as to satisfy minimum resonant fre- 
quency and maximum amplitude requirements. The 
edge portion 110 can have a cross section of a semicir- 
cular edge 11 OA, an elliptical edge 11 0B, a conical form 
edge 1 1 0C, a wave-form edge 1 1 0D or the like as shown 
in Fig. 7. 

[0025] Here, in the present embodiment, though a 
non-magnetic material is used for the uppercase 103 
and the lower case 1 04, magnetic material can be used. 
By using magnetic material, leakage of flux of the first 
and second magnets to the housing side can be re- 
duced. 

[0026] Here, in the present embodiment, though the 
first and second magnets 101 and 102 are cylindrical 
forms, they can be other forms such as a rectangular 
parallelepiped form or an elliptic cylinder form. 
[0027] In such a case, the outer shape of the electro- 
acoustic transducer is made to be of a rectangular or 
elliptical form and the diaphragm can, correspondingly, 
be made to be of a rectangular or elliptical form. In ad- 
dition, since the structure does not require the drive coil 
to be inserted into a magnetic gap, an electro-acoustic 
transducer of a iong form having a large aspect ratio can 
be implemented. 

[0028] Here, in the present embodiment, though the 
air holes 108 are provided in the upper and lower sur- 
faces of the upper case 103 and the lower case 104, 
they can be provided in side faces so that the repro- 
duced sound is laterally emitted. 
[0029] As described above, at least one sound hole 
is provided in at least one of the upper and lower sur- 
faces and sidewalls of the housing in such a manner so 



that the configuration allows the sound generated by the 
diaphragm to be emitted from the sound holes. Thereby 
an increase in the minimum resonant frequency of the 
diaphragm due to an increase in the air pressure caused 
s in a space formed of the diaphragm and of the housing 
can be prevented by means of the sound holes. In par- 
ticular, the width required for the attachment can be 
made considerably narrow in the configuration that the 
housing is of a rectangular parallelepiped wherein 
sound holes are provided in the sidewalls in the longi- 
tudinal direction so that sound is emitted from these 
sound holes. 

(Embodiment 2) 

[0030] Fig. 8 is a cross sectional view of an electro- 
acoustic transducer according to Embodiment 2 of the 
present invention, and Fig. 9 illustrates magnetic flux 
vectors generated by the first and second magnets. The 
electro-acoustic transducer of Embodiment 2 is formed 
as follows . An upper case 1 03 and a lower case 1 04 are 
the same as in Embodiment 1 and are integrated to form 
a housing. A first magnet 20 1 and a second magnet 202, 
respectively, are attached to the upper case 1 03 and the 
lower case 1 04. The first and second magnets 201 and 

202 are of cylindrical forms and are secured to the upper 
case 1 03 and the lower case 1 04 so that the respective 
centers thereof coincide with the center axis 203. In ad- 
dition, a drive coil 204 is adhered on a diaphragm 205 
so as to be concentric with the diaphragm 205 relative 
to the center axis 203. Furthermore, the periphery of the 
diaphragm 205 is placed between the upper case 103 
and the lower case 1 04 so as to be secured in the same 
manner as in Embodiment 1 . The diaphragm 205 is a 
member in the form of a thin plate and the outer periph- 
ery portion thereof is provided with an edge portion 206. 
[0031] The diaphragm 205 has a flat form only in the 
center portion and the edge portion 206 of which the 
cross section is of a semicircular form is provided in the 
outer periphery portion, thereby the amplitude can be 
increased in comparison with the diaphragm in a flat 
form. In addition, air holes 207 are provided in the sides 
of the uppercase 103 and the lower case 1 04. Thereby, 
the electro-acoustic transducer can be attached to elec- 
tronic device in a direction different from that in Embod- 
iment 1 . 

[0032] As for the direction of magnetization of the first 
and second magnets 201 and 202, these magnets are 
both magnetized in the direction from the center axis 

203 to the outer periphery of the magnet, that is, in the 
radius direction, as shown in Fig. 8. Hereinafter such 
magnetization is referred to as radial magnetization. 
[0033] Fig. 9 illustrates magnetic flux vectors. The first 
and second magnets 201 and 202 are radially magnet- 
ized so as to have the same pole in the respective outer 
peripheries. Since the first and second magnets 201 and 
202, magnetized in such a manner, are placed so as to 
face each other, the magnetic fluxes emitted from the 
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respective magnets repel each other and, as a result, a 
magnetic field that the components in the radius direc- 
tion are dominant is formed within the magnetic gap. 
The drive coil 204 is placed at a position where the mag- 
netic flux density becomes of the maximum within this 
magnetic gap. When an alternating current signal is in- 
putted to the drive coil 204, a driving force is generated 
so that the diaphragm 205 vibrates due to this driving 
force and sound is emitted in the same manner as in 
Embodiment 1 . 

[0034] Fig. 1 0 shows the relationship between the dis- 
tance from the center axis 203 in the radius direction 
and the magnetic flux density. An approximately uniform 
magnetic fietd where the component in the radius direc- 
tion is dominant is formed in a predetermined range at 
a distance from the center axis 203 and, therefore, a 
wide flat portion exists, as shown by curve E. Accord- 
ingly, a wide range for the installation of the drive coil 
204 can be secured. Therefore, the driving force can be 
enhanced by increasing the number of turns, length and 
the like, of the drive coil. In addition, since magnetic flux 
density distributes approximately uniform, and the mag- 
netic flux density in the direction of vibration changes a 
little at the position of the drive coil 204. Here, curve F 
in Fig. 1 0 is a graph according to the prior art. 
[0035] Since the magnetization of the first and second 
magnets, provided on both sides of the diaphragm, are 
in the direction perpendicular to the direction of vibration 
of the diaphragm having a center axis passing through 
the center of the diaphragm as the reference in the 
above described manner, the magnets can be efficiently 
utilized. In addition, since a wide range for the installa- 
tion of the drive coil is secured, the forms of the drive 
coil and the diaphragm can be designed freely. 
[0036] Here, in the present embodiment, though the 
edge 206 of a semicircular form is provided in the outer 
periphery portion of the diaphragm 205, the cross sec- 
tional form of the edge 206 is not limited thereto. It can 
be determined so as to satisfy the minimum resonant 
frequency and the maximum amplitude requirements 
and can be of a wave-form, an elliptical form or a conical 
form, as shown in Fig. 7. 

[0037] Here, in the present embodiment, though the 
first and second magnets 201 and 202, respectively, are 
made of one radially magnetized magnet, the magnet 
can be divided into several pieces before being magnet- 
ized so as to implement radial magnetization by recom- 
bining them. 

[0038] Here, though a non-magnetic material is used 
for the upper case 1 03 and the lower case 1 04, a mag- 
netic material can be used. By using magnetic material, 
leakage of magnetic flux from the first and second mag- 
nets to the housing side can be reduced. 
[0039] Here, in the present embodiment, though the 
first and second magnets 201 and 202 are of cylindrical 
forms, they can be of other forms such as an elliptical 
cylinder form or a rectangular parallelepiped form in ac- 
cordance with the external form of the electro-acoustic 



transducer. 

[0040] Here, in the present embodiment, though the 
air hole - ; 207 are provided on the sidewalls of the upper 
case 1 03 and the lower case 1 04, they can be provided 
5 on the upper and lower surfaces. 

(Embodiment 3) 

[0041] Fig. 11 is a cross sectional view of an electro- 

10 acoustic transducer according to Embodiment 3 of the 
present invention, and Fig. 12 is a perspective view 
thereof. The electro-acoustic transducer of the present 
embodiment is formed as follows. First and second 
yokes 303 and 304 are provided around first and second 

15 magnets 301 and 302. The first and second yokes 303 
and 304 are made of a magnetic material such as of 
iron. Then, the first and second yokes 303, 304, the up- 
per case 305 and the lower case 306, in frame forms, 
form a housing. In addition, a diaphragm 308 having a 

20 drive coil 307 is held in the center portion of the housing 
so that the diaphragm can freely vibrate. An edge 309 
in an arc form is provided in the outer periphery portion 
of the diaphragm 308. The first and second magnets 301 
and 302 are of cylindrical forms and are made of neo- 

25 dymium magnets, of which the energy product is, for ex- 
ample, 44 MGOe. Furthermore, the directions of mag- 
netization are opposite to each other and, in the case 
that the first magnet 301 magnetized in, for example, 
the upward direction, that is, in the direction from the 

30 second magnet to the first magnet, the second magnet 
302 is magnetized in the downward direction, that is, in 
the direction from the first magnet to the second magnet. 
[0042] The first and second magnets 301 and 302 are 
secured to the yokes 303 and 304, respectively so that 

35 axes 310 passing through the respective centers of the 
magnets coincide with each other. Air holes 31 1 are pro- 
vided on the upper surface and on the lower surface of 
the yokes 303 and 304, as shown in the figure. In addi- 
tion, the drive coil 307 is attached to the diaphragm 308 

to so as to be concentric with the first and second magnets 

301 and 302. The drive coil 307 is, for example, adhered 
to the diaphragm 308 using adhesive. Then, periphery 
portion of the diaphragm 308 is placed and secured be- 
tween the upper case 305 and the lower case 306 so 

45 that the drive coil 307 is located at the center in the di- 
rection of amplitude between the first and second mag- 
nets 301 and 302. The air holes 311 are provided in the 
yokes 303 and 304. 

[0043] The operation and effects of the electro-acous- 
^0 tic transducer, formed as above, are described in the 
following. When an alternating current signal is inputted 
into the drive coil 307, a driving force is generated in the 
same manner as in Embodiment 1 and the diaphragm 
308 adhered to the drive coil 307 vibrates due to this 
55 driving force so as to emit sound. 

[0044] The first and second yokes 303 and 304 are 
added to surround the f i rst and second magnets 301 and 

302 so that the first magnet 301 and the first yoke 303, 



6 



BNSDOCID: <EP . . 1 304903A2 I > 



11 



EP 1 304 903 A2 



12 



as well as the second magnet 302 and the second yoke 
304, respectively, form magnetic paths. Therefore, the 
magnetic flux emitted from the first and second magnets 
301 and 302 is lead to the magnetic gap G by means of 
the first and second yokes 303 and 304 so that the mag- s 
netic flux density within the magnetic gap G becomes 
high. In the present embodiment the drive coil 307 is 
placed at a position where the magnetic flux density be- 
comes of the maximum within this magnetic gap G : that 
is, the drive coil 307 is placed so that the position in- 
cludes lines connecting the outer peripheries of the first 
and second magnets 301 and 302. 
[0045] As a result, the magnetic flux density also be- 
comes high at the position of the drive coil 307 and, 
therefore, the driving force which is proportional to the 
magnetic flux density also becomes large leading to an 
increase in the sound pressure of the reproduced 
sound. In the case that neodymium magnets having a 
diameter of 7 mm and a height of 0.5 mm are used, the 
magnetic flux density obtained at the drive coil 307 be- 
comes 1 .5 times greater than the case where the first 
and second yokes are not present and the sound pres- 
sure becomes higher by 3.8 dB. In addition, by providing 
the yokes, leakage of magnetic flux to the outside of the 
electro-acoustic transducer can be prevented. 
[0046] The first and second yokes are provided 
around the first and second magnets, respectively, in the 
above described manner, thereby the magnetic flux 
from the first and second magnets converge by means 
of the first and second yokes. Therefore, the driving 
force generated at the drive coil is further increased so 
that the sound pressure of the reproduced sound be- 
comes higher. 

[0047] Here, in the present embodiment, though the 
first yoke and the upper case, as well as the second yoke 
and the lower case, respectively, are separate mem- 
bers, they can be integrated members, respectively, 
made of magnetic material. Thereby, the number of 
components can be reduced. 

[0048] Here, in the present embodiment, though the 
first and second magnets 301 and 302 are of cylindrical 
forms, they can be of other forms such as of an elliptical 
cylinder form or a rectangular parallelepiped form in ac- 
cordance with the external form of the electro-acoustic 
transducer. 

[0049] Here, in the present embodiment, a slit is pro- 
vided between the inner periphery portions of the first 
and second yokes and the outer periphery portions of 
the first and second magnets. Fig. 13A is a schematic 
diagram showing the relationship between such yokes 
and magnets. In contrast to this, the outer periphery por- 
tions of the first and second magnets 301 and 302 and 
the inner periphery portions of the first and second 
yokes 303 and 304 can make direct contact, without a 
slit, as shown in the schematic diagram of Fig. 13B, in 
order to reduce the external diameter of the electro- 
acoustic transducer or in order to expand the arc portion 
provided in the outer periphery portion of the diaphragm. 



In addition, as shown in Fig. 13C, a yoke 320 can be 
provided solely on the sides of the magnets 301 and 302 
and in this case, also, the yoke 320 can make direct con- 
tact with the magnets, as shown in Fig. 13D. Further- 
more, yokes 321 can be placed on the flat surface por- 
tions of the magnets, as shown in Fig. 13E. At this time, 
in the case that the first and second magnets are of rec- 
tangular parallelepiped forms, the first and second 
yokes are provided around the extended outer periph- 
eries of at least two sides that are not opposed to the 
diaphragm. The yokes are not placed in portions facing 
the diaphragm, as shown in all of the diagrams of Figs. 
13A to 13E. 

[0050] Here, though Figs. 13A to 13D show the sur- 
faces of the magnets and the surfaces of the yokes in 
the same planes on the sides facing the diaphragm, they 
can be formed so as not to be in the same planes having 
steps in accordance with the form of the diaphragm, the 
maximum amplitude value and the like. 
[0051] Here, in the present embodiment, though the 
air holes 311 are provided on the upper and lower sur- 
faces of the yokes 303 and 304, they can be provided 
in the upper case 305 and the lowercase 306 so as to 
laterally emit the reproduced sound. 

(Embodiment 4) 

[0052] Fig. 14A is a plan view of a diaphragm and a 
drive coil according to Embodiment 4 of the present in- 
vention, Fig. 14B is a cross sectional view taken along 
line A-B of Fig. 14A, and Fig. 14C is an enlarged cross 
sectional view of the circled portion of Fig. 14B. These 
figures show a diaphragm 404 to which a drive coil 403 
is attached. As for the othercomponents, the same com- 
ponents as in Embodiments 1 to 3 are used to form an 
electro-acoustic transducer. The diaphragm 404 is of a 
flat disk form in the same manner as in Embodiment 1 . 
[0053] The present embodiment differs from the other 
embodiments in the point that the drive coil 403 is inte- 
grated with the diaphragm 404. An etching method 
which is one technique for integrally forming the drive 
coil 403 and the diaphragm 404 will be described in the 
following. First, copper is laminated using adhesive onto 
the base of the diaphragm, made of polyimide, for ex- 
ample. A photoresist layer is formed on top of that and, 
then, is exposed and developed so as to form an etching 
resist in a coil form on the copper. Next, etching is car- 
ried out, then the resist is removed, thereby a coll wire 
is formed on the base of the diaphragm. A drive coil can 
be formed on one surface of the diaphragm 404 or drive 
coils can be formed on both surfaces of the diaphragm 
404. Figs. 14B and 14C show that first and second coils 
403A and 403B are formed on both of front and rear sur- 
faces of the diaphragm 404 according to this method 
and they are connected to form the drive coil. 
[0054] Here, though an etching method is shown as 
a technique for integration, an additive method can be 
used. 
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[0055] Here, in the present embodiment, though the 
drive coil has a two-layer structure, it can have a one- 
layer structure or three or more layers can be laminated. 
[0056] Another integration technique is explained re- 
ferring to Fig. 15. Fig. 15A is a side view showing a di- 
aphragm to which the drive coil 41 3 is attached, and Fig. 
15B is a partially enlarged cross sectional view thereof. 
In this example, first and second diaphragms 41 4A and 
41 4B are used at the time formation that the drive coil 
413 is placed between the two diaphragms, thereby a 
sandwich structure of the diaphragm 414A-drive coil 
413-diaphragm 41 4B is formed. 

[0057] By integrating the drive coil and the diaphragm 
in such a manner, stress generating in the drive coil 
when vibration can be reduced. Accordingly, breaking 
of the drive coil can be avoided and reliability can be 
enhanced. 

[0058] The drive coil is integrally formed with the dia- 
phragm through deposition, printing or the like, without 
the use of a winding and, therefore, input withstanding 
increases. In addition, since an adhesive process and 
lead wiring are omitted, automatic production becomes 
possible and reliability can be enhanced at the time of 
great vibration. 

(Embodiment 5) 

[0059] An electro-acoustic transducer of Embodiment 
5 of the present invention will be described with refer- 
ence to figures. Fig. 16A is a perspective view of the 
electro-acoustic transducer, and Fig. 1 6B is a cross sec- 
tional view thereof. Fig. 17A is a plan view of first and 
second magnets, Fig. 1 7B is a plan view of a drive coil, 
and Fig. 17C is a plan view of a diaphragm. 
[0060] The electro-acoustic transducer is formed as 
follows. First and second yokes 503 and 504 are pro- 
vided around first and second magnets 501 and 502 in 
Figs. 1 6A and 1 6B. The first and second yokes 503 and 
504 are made of a magnetic material such as, for exam- 
ple, iron. Then, the first and second yokes 503, 504, an 
upper case 505 and a lower case 506 of frame shape 
form a housing. The uppercase 505 and the lowercase 

506 are made of a non-magnetic material and are made 
of a resin material such as, for example, PC (polycar- 
bonate). In addition, a diaphragm 508 having a drive coil 

507 is held between the cases in the center of the hous- 
ing so that the diaphragm 508 can freely vibrate. The 
diaphragm 508 has an edge 509, in an arc form, in the 
periphery portion. The first and second magnets 501 
and 502 are of rectangular parallelepiped forms and are 
neodymium magnets having an energy product of, for 
example, 38 MGOe. Furthermore, their directions of 
magnetization are opposite to each other relative to the 
direction of vibration of the diaphragm as a reference 
and, in the case that the first magnet 501 is, for exam pie, 
magnetized in the upward direction, that is, in the direc- 
tion from the second direction to the first magnet, the 
second magnet 502 is magnetized in the downward di- 



rection, that is, in the direction from the first direction to 
the second magnet. 

[0061] The first and second magnets 501 and 502 are 
secured to the yokes 503 and 504 so as to share the 
5 center axis 510, which passes through the centers of 
the respective magnets, as well as the major axis and 
the minor axis. In addition, air holes 511 and 512, re- 
spectively, are provided on a side of the uppercase 505 
and the bottom of the second yoke 504. In addition, the 
drive coil 507 has a rectangular form in the same man- 
ner as the first and second magnets 501 and 502 and 
is attached to the diaphragm 508 so that the major axes 
and the minor axes coincide with each other. The drive 
coil 507 is, for example, adhered to the diaphragm 508 
using an adhesive. Then, the periphery portion of the 
diaphragm 508 is placed and secured between the up- 
per case 505 and the lower case 506 so that the drive 
coil 507 is located at the center between the first and 
second magnets 501 and 502 in the direction of vibra- 
tion. In addition, the externa! form of the diaphragm 508 
is an elliptical form and the outside portion to which the 
drive coil 507 is attached is of an approximately semi- 
circular form. 

[0062] The operation and effects of the electro-acous- 
tic transducer, formed as above, are described in the 
following. 

[0063] The first and second magnets 501 , 502 and the 
first and second yokes 503 5 5 04 form a magnetic field. 
The drive coil 507 is placed within the magnetic gap G 
thereof so that the magnetic flux density becomes of the 
maximum. When an alternating current signal is input- 
ted into the drive coil 507, a driving force is generated 
and this driving force makes the diaphragm 508, which 
is adhered to the drive coil 507, vibrate so as to emit 
sound in the same manner as in Embodiment 1 . In ad- 
dition, the first and second yokes 503 and 504 surround 
the first and second magnets 501 and 502 so that the 
first magnet 501 and the first yoke 503, as well as the 
second magnet 502 and the second yoke 504, respec- 
tively, form magnetic paths. Thereby, the magnetic flux 
emitted from the first and second magnets 501 and 502 
is led to the magnetic gap G by means of the first and 
second yokes so as to obtain a high magnetic flux den- 
sity within the magnetic gap G in the same manner as 
in Embodiment 3. 

[0064] The present embodiment differs from Embod- 
iment 1 and Embodiment 3 in the point that the first and 
second magnets 501, 502 and the drive coil 507 have 
rectangular forms and the external form of the dia- 
phragm 508 is approximately an elliptical form and, 
moreover, the external form of the electro-acoustic 
transducer shown in the present embodiment is a rec- 
tangular parallelepiped form. In addition, the air holes 
511 and 512 are provided in the lower surface and in a 
side of the electro -acoustic transducer shown in the 
present embodiment. 

[0065] Since the electro-acoustic transducer is made 
of a rectangular parallelepiped form, the space factor at 
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the time of assembly in a cellular phone or in a portable 
information terminal such as a PDA can be improved. 
[0066] In addition, the air holes 511 are provided in 
the upper case 505, thereby the surface with the air 
holes 51 1 can be used as the surface attached to elec- 5 
tronic device so that an electro-acoustic transducer hav- 
ing long sound holes can be implemented. 
[0067] It is difficult for the drive coil, which is prepared 
by winding a copper wire to be formed in comparison 
with a circular form into an elliptical or rectangular form m> 
because of processing reasons. In particular in the case 
of a form having a large aspect ratio, making the width 
of the winding of the coil uniform is difficult. 
[0068] In electro -acoustic transducer according to the 
present embodiment, it is not necessary to insert the 15 
drive coil into a magnetic gap as in the conventional 
electrodynamic-type electro-acoustic transducer but, 
rather, the drive coil can be present in a space between 
the first and second magnets 501 and 502. Therefore, 
it is not necessary to make the width of the winding of 20 
the drive coil 507 uniform. As a result, the aspect ratio 
of the drive coil 507 freely designed so that an elliptical 
or rectangular electro-acoustic transducer having a 
large aspect ratio can be implemented. 
[0069] In the present embodiment, though the air 25 
holes 511 and 512 are provided in the side and bottom 
surfaces so that the surface with the air holes 511 is 
used for attachment, air holes can be provided in any 
surface from among the six surfaces forming the electro- 
acoustic transducer. In addition, it is possible to use any 30 
surface as the surface for attachment. 
[0070] Here, in the present embodiment, an air gap is 
provided between the inner periphery portions of the first 
and second yokes and the outer periphery portions of 
the first and second magnets. However, the outer pe- 35 
riphery portions of the first and second magnets and the 
inner periphery portions of the first and second yokes 
can make contact with each other without an air gap for 
the purpose of reduction of size of the external form of 
the electro-acoustic transducer, or increase the distance 40 
between the drive coil and the housing, or the like. 
[0071] Here, in the present embodiment, though the 
first and second yokes and the housing are formed of 
separate members, an integrated member made of a 
magnetic material can be used. As a result, the number 45 
of components can be reduced. 

[0072] Here, in the present embodiment, though the 
first and second magnets are of rectangular parallelepi- 
ped forms and the drive coil is of a rectangular form, 
they can be of elliptical cylindrical forms and an elliptical so 
form, respectively. 

[0073] Here, in the present embodiment, though neo- 
dymium magnets are used for the first and second mag- 
nets 501 and 502, magnets such as of ferrite or of sa- 
marium cobalt can be used in accordance with the tar- 55 
geted sound pressure, with the form, and the like. 
[0074] In addition, a damping cloth can be provided 
over the air holes in order to control the Q factor of the 
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lowest resonant frequency. 

[0075] Here, in the present embodiment, though a 
wound coil is used as the drive coil, and the diaphragm 
and the drive coil are separate members : the diaphragm 
and the drive coil can be integrated as shown in Embod- 
iment 4. 

(Embodiment 6) 

[0076] A cellular phone, which is one type of electron- 
ic device provided with an electro-acoustic transducer 
as shown in Embodiments 1 to 3 and 5 of the present 
invention, will be described with reference to the draw- 
ings. Fig. 1 8A is a front view of the cellular phone, Fig. 
18B is a fractured side view thereof, and Fig. 19 is a 
block diagram showing a schematic configuration of the 
cellular phone. 

[0077] In Figs. 1 8A and 1 SB, the entire cellular phone 
is denoted as 601 wherein a sound hole 603 is provided 
in an upper portion of a housing 602 of the cellular phone 
and an electro-acoustic transducer 604 as shown in the 
abovementioned Embodiments is provided inside of this 
portion. The electro-acoustic transducer 604 is provided 
so that a sound hole provided in the case thereof faces 
the sound hole 603. 

[0078] In Fig. 19 an antenna 610 is connected to a 
transmission/reception circuit 620. A call signal gener- 
ation circuit 631 and a microphone 632 are. connected 
to the transmission/reception circuit 620 and the electro- 
acoustic transducer 604 is connected to the call signal 
generation circuit 631. In addition, the transmission/re- 
ception circuit 620 has a demodulation part 621 , a mod- 
ulation part 622, a signal switching part 623 and an an- 
swering machine function part 624. 
[0079] The antenna 610 receives radio waves output- 
ted from the closest base station and transmits radio 
waves to the base station. The demodulation part 621 
is a circuit that decodes modulated waves which have 
been inputted from the antenna 610 and converts the 
modulated waves into a received signal and, then, pro- 
vides the received signal to the signal switching part 
623. The signal switching part 623 is a circuit that switch- 
es signal processes in accordance with the content of 
the received signal. In the case that the received signal 
is a call signal, it is provided to the call signal generation 
circuit 631 , in the case that the received signal is a 
speech sound signal it is provided to the electro-acous- 
tic transducer 604 and in the case that the received sig- 
nal is a speech sound signal from the answering ma- 
chine, it is provided to the answering machine function 
part 624. The answering machine function part 624 is 
formed of, for example, a semiconductor memory. A 
message for the answering machine at the time when 
the power is on is recorded by the answering machine 
function part 24. A message for the answering machine 
at the time when the cellular phone is out of the service 
area or when the power is off is recorded by a memory 
device in the base station. 
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[0080] The call signal generation circuit 631 is a circuit 
that generates a call signal, which is provided to the 
electro-acoustic transducer 604. 
[0081] A compact microphone 632 is provided as an 
electro-acoustic transducer in the same manner as in a 
conventional cellular phone. The modulation part 622 is 
a circuit that modulates a dial signal or a speech sound 
signal that has been converted by the microphone 632 
and outputs them to the antenna 610. 
[0082] The operation of the cellular phone will be de- 
scribed in the following. The antenna 61 0 receives radio 
waves outputted from the base station. The demodula- 
tion part 621 demodulates a received base-band signal. 
When the signal switching circuit 623 detects a call sig- 
nal from a arrival signal, the arrival signal is outputted 
to the call signal generation circuit 631 in order to inform 
the user of the cellular phone of an incoming call. 
[0083] When the call signal generation circuit 631 re- 
ceives such a arrival signal, it outputs a call signal, which 
is a signal for a pure tone in the audible band or for a 
complex tone of pure tones. The user is informed of the 
incoming call by hearing this ringtone outputted from the 
electro-acoustic transducer 604 through the sound hole 
603 provided in the cellular phone. 
[0084] When the cellular phone is in the condition of 
being used as receiving the call, the signal switching 
part 623 directly outputs a speech sound signal to the 
electro-acoustic transducer 604 after the level of the re- 
ceived signal is adjusted. The electro-acoustic trans- 
ducer 604 operates as a receiver or as a speaker so as 
to reproduce a speech sound signal. 
[0085] In addition, speech sound of the user is collect- 
ed by the microphone 632 and is converted to an elec- 
trical signal so as to be inputted to the modulation part 
622. Then, the speech sound signal is modulated and 
is converted to a predetermined carrier wave so as to 
be outputted from the antenna 61 0. 
[0086] In the case that the user of the cellular phone 
has turned on the power and has set the cellular phone 
so that the answering machine is in the activated con- 
dition, the transmitted speech sound is recorded in the 
answering machine function part 624. In the case that 
the user of the cellular phone has turned off the power, 
the transmitted speech sound is temporarily recorded at 
the base station. Then, when the user makes a repro- 
duction request to the answering machine by means of 
a key operation, the signal switching part 623 receives 
this request and acquires the recorded message from 
the answering machine function part 624 or from the 
base station. Then this speech sound signal is adjusted 
to be at a level suitable for the speaker and is outputted 
to the electro-acoustic transducer 604. At this time, the 
electro-acoustic transducer 604 operates as a receiver 
or a speaker so as to output the message. 
[0087] Here, in Embodiment 6, though the electro- 
acoustic transducer is directly attached to the housing, 
it can be attached to a substrate built into the cellular 
phone so as to be connected to the housing via an audio 



port. In addition, the same operation and effects are ob- 
tained when the electro-acoustic transducer is attached 
to another type of electronic device such as a PDA, a 
TV, a personal computer, a car navigation system or the 
5 like. 

[0088] The electro-acoustic transducer can be built in- 
to a variety of types of electronic device so that electron- 
ic device that can reproduce alarm sounds, speech 
sound or the like can be implemented. 

10 [0089] It is to be understood that although the present 
invention has been described with regard to preferred 
embodiments thereof, various other embodiments and 
variants may occur to those skilled in the art, which are 
within the scope and spirit of the invention, and such 

is other embodiments and variants are intended to be cov- 
ered by the following claims. 

[0090] The text of Japanese priority applications No. 

2001- 310914 filed on October 9, 2001 and No. 

2002- 135152 filed on May 10, 2002 is hereby incorpo- 
20 rated by reference. 
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An electro-acoustic transducer comprising: 
a diaphragm: 

a housing which supports said diaphragm; 
a first and second magnets which are placed 
so as to face each other and to face each sur- 
face of said diaphragm so that the diaphragm 
is placed between said magnets, and which are 
magnetized in directions that are opposite to 
each other and are parallel to the direction in 
which said diaphragm vibrates; and 
a drive coil which is provided on said dia- 
phragm, 

wherein 

said drive coil is provided at a position that in- 
cludes lines connecting the outer peripheries of said 
first and second magnets. 

An electro-acoustic transducer according to claim 
1 , wherein 

said diaphragm has a form selected from the 
group consisting of a circular form, a rectangular 
form and an elliptical form. 

An electro-acoustic transducer according to claim 
1, wherein 

said first and second magnets have a form se- 
lected from the group consisting of a cylindrical 
form, a rectangular parallelepiped form and an el- 
liptical cylinder form. 

An electro-acoustic transducer according to claim 
1 , wherein 
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said drive coil has a form selected from the 
group consisting of a circular form, a rectangular 
form and an elliptical form. 

5. An electro-acoustic transducer according to claim 
1 , further comprising: 

a first yoke which forms a magnetic path in at 
least a portion of the periphery of said first mag- 
net; and 

a second yoke which forms a magnetic path in 
at least a portion of the periphery of said second 
magnet. 

6. An electro-acoustic transducer according to claim 
5, wherein 

said first and second yokes are placed outside 
of said first and second magnets relative to said di- 
aphragm. 

7. An electro-acoustic transducer according to claim 
5, wherein 

said first and second yokes are provided so 
as to surround the surfaces around said first and 
second magnets except the surface to face said di- 
aphragm. 

8. An electro-acoustic transducer according to claim 
5, wherein 

said drive coil is of a rectangular form, 
said first and second magnets are of rectan- 
gular parallelepiped forms, and 

said first and second yokes .are provided 
around outer peripheries obtained by extending at 
least two sides of each of said first and second mag- 
nets. 

9. An electro-acoustic transducer according to claim 
5, wherein 

air gaps are provided between the said first 
yoke and outer peripheries of said first magnet and 
between the said second yoke and outer peripher- 
ies of said second magnet. 

10. An electro-acoustic transducer according to claim 
5, wherein 

at least a portion of said housing includes said 
first and second yokes. 

11. An electro-acoustic transducer according to claim 
5, wherein 

said drive coil is provided inside of the outer 
periphery portions of said first and second yokes. 



13. An electro-acoustic transducer according to claim 
12, wherein 

said drive coil is deposited or printed on said 
diaphragm. 

5 

14. An electro-acoustic transducer according to claim 
12, wherein 

said drive coi! is formed of first and second 
drive coils, and 
10 said first and second drive coils are formed on 

the upper surface and on the lower surface of said 
diaphragm, respectively. 

15. An electro-acoustic transducer according to claim 
is 13, wherein 

said diaphragm is formed by layering first and 
second diaphragms, and 

said drive coil is provided by being inserted 
between said first and second diaphragms. 
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16. An electro-acoustic transducer according to claim 
1 , wherein 

said electro-acoustic transducer has a config- 
uration that at least one sound hole is provided in 
at least one of the upper and lower surfaces and 
sidewalls of said housing. 

17. An electro-acoustic transducer comprising: 

a diaphragm: 

a housing which supports said diaphragm; 
a first and second magnets which are placed 
so as to face each other and to face each sur- 
face of said diaphragm so that the diaphragm 
is placed between said magnets, and which are 
magnetized in the radial direction having the 
center axis passing through the center of said 
diaphragm as a center; and 
a drive coil which is provided on said dia- 
phragm. 

18. An electro-acoustic transducer according to claim 
1 7, wherein 

said drive coil is provided in a position where 
said first and second magnets generate the highest 
magnetic flux density, in a direction perpendicular 
to the direction of vibration of said diaphragm. 

19. An electro-acoustic transducer according to claim 
17, wherein 

said diaphragm has a form selected from the 
group consisting of a circular form, a rectangular 
form and an elliptical form. 



12. An electro-acoustic transducer according to claim 
1 , wherein 

said drive coil is integrally formed with said di- 
aphragm. 



55 20. An electro-acoustic transducer according to claim 
17, wherein 

said first and second magnets have a form se- 
lected from the group consisting of a cylindrical 
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form, a rectangular parallelepiped form and an el- 
liptical cylinder form. 

21. An electro-acoustic transducer according to claim 

1 7, wherein s 

said drive coil has a form selected from the 
group consisting of a circular form, a rectangular 
form and an elliptical form. 

22. An electro-acoustic transducer according to claim 10 
17, further comprising: 

a first yoke which forms a magnetic path in at 
least a portion of the periphery of said first mag- 
net; and 15 
a second yoke which forms a magnetic path in 
at least a portion of the periphery of said second 
magnet. 

23. An electro-acoustic transducer according to claim 20 
22, wherein 

said first and second yokes are placed outside 
of said first and second magnets relative to said di- 
aphragm. 

25 

24. An electro-acoustic transducer according to claim 
22, wherein 

said first and second yokes are provided so 
as to surround the surfaces around said first and 
second magnets except the surface to face said di- 30 
aphragm. 

25. An electro-acoustic transducer according to claim 
22, wherein 

said drive coil is of a rectangular form, 35 
said first and second magnets are of rectan- 
gular parallelepiped forms, and 

said first and second yokes are provided 
around outer peripheries obtained by extending at 
least two sides of each of said first and second mag- *o 
nets. 



29. An electro-acoustic transducer according to claim 
17, wherein 

said drive coil is integrally formed with said di- 
aphragm. 

30. An electro-acoustic transducer according to claim 
29, wherein 

said drive coil is deposited or printed on said 
diaphragm. 

31 . An electro-acoustic transducer according to claim 

29, wherein 

said drive coil is formed of first and second 
drive coils, and 

said first and second drive coils are formed on 
the upper surface and on the lower surface of said 
diaphragm, respectively. 

32. An electro-acoustic transducer according to claim 

30, wherein 

said diaphragm is formed by layering first and 
second diaphragms, and 

said drive coil is provided by being inserted 
between said first and second diaphragms. 

33. An electro-acoustic transducer according to claim 
17, wherein 

said electro-acoustic transducer has a config- 
uration that at least one sound hole is provided in 
at least one of the upper and lower surfaces and 
sidewalls of said housing. 

34. An electronic device comprising the electro-acous- 
tic transducer according to claim 1 . 

35. An electronic device comprising the electro-acous- 
tic transducer according to claim 17. 



26. An electro-acoustic transducer according to claim 
22, wherein 

air gaps are provided between the said first 45 
yoke and outer peripheries of said first magnet and 
between the said second yoke and outer peripher- 
ies of said second magnet. 

27. An electro-acoustic transducer according to claim so 
22, wherein 

at least a portion of said housing includes said 
first and second yokes. 

28. An electro-acoustic transducer according to claim 55 
22, wherein 

said drive coil is provided inside of the outer 
periphery portions of said first and second yokes. 
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